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INTRODUCTION

Our objectivesin 1999 were to: (1) sample the distribution and abundance of planktonic lobstersin
Penobscot Bay, with an emphasis on the postlarval stage; (2) collect data on sea surface temperature
(SST) and meteorology (wind, air temperature, cloud cover) from each gation; and (3) collect as many
CTD profiles astimewould permit.  The postlarvaisthe fina planktonic sage and is sometimes
referred to asa Stage |V lobster because it is the fourth developmental stage after hatching (the first
three sages are larvae). The postlarva resembles a benthic stage lobster and is morphologically very
different from the larva stages.

Objective 1 was designed to test the hypothesis that postlarvae enter Penobscot Bay primarily viathe
western channd (west of Vinahaven Idand), resulting in greater recruitment near the mouth of the bay
and in western portions compared to the northern and eastern bay. Inherent in this hypothesisisthe
assumption that most postlarvae come from coadta weaters.  The hypothess originates from findingsin
1998 which suggest that the upper layer of the bay circulates in this clockwise manner during summer
months, and other findings that indicate higher lobster production and recruitment in the western channdl.
Observed patterns of postlarva digtribution will be qualitatively and quantitatively compared with
physical oceanographic measurements and benthic settlement patterns to evaulate sources of postlarvae,
mechanisms of trangport and delivery, and consequences for recruitment. SST, meteorologica data and
CTD data (Objectives 2 & 3) will contribute to the collaborative study and modeling of circulation in the
bay and provide data for comparing property distributions and inferred transports with remote sensing
information.

We established a grid of sampling stations around Vinalhaven and North Haven idands that provided
for an unbiased assessment of larva and postlarvd didtributions. Thirty-nine standard stations were
digtributed around the central archipelago (Fig. 1). Nine additiond offshore stations were sampled once
during the season. Sampling was done with a neuston sampler 1 m wide x 0.5 m submerged portion



which was towed at agpproximately 2 nm/h from asde boom. A mechanicd flowmeter in the mouth of
the net measured the distance towed, which was used to convert the catch rate to a standard area of
1000 n?. SST was measured using a bucket sample at the beginning and near the end of each tow.
Wind speed and direction, air temperature, cloud cover, and wave and swell height and direction were
recorded at each tow. CTD profiles were collected from surface to near bottom using an internally
recording Seabird Electronics SBE19 lowered and raised by hand over adavit and pulley. Net catiches
were sorted on deck. Larvae and postlarvae were removed and counted, placed in 4-0z jars of chilled
seawater, and stored onice and in the dark for later examination. Larva identifications and counts were
later verified (sometimestheinitid identification was difficult due to sea sae) and the postlarvee were
examined under amicroscope to assess molt-cycle stage. Molt stage can be used in conjunction with
SST to assign an gpproximate age to the organism.

The work was conducted by mysdf, Nick Wolff, Ford Dye (dl of Bigeow Laboratory) and summer
undergraduate student intern Katie Graham Dye (Allegheny College). A second intern, Laura
DeVincentis (Bowdoin College), conducted a study of ten years of wind data at Ides of Shodls,
Portland buoy, Matinicus Idand, Mount Desert Rock and the Gulf of Maine buoy. We used the
Univerdity of Main€ sR/V Nucdla, asmal (29 LOA) but fast vessd (up to 30 nm/h) which enabled us
to cover the large distances involved. It was ably captained by John Higgins, of Stonington, who never
concerned himsdf with the often long days. This combination of vessel and captain enabled
consderably more sampling than we had anticipated. The over- night was usudly spent encamped on
Hurricane Idand, courtesy of theidand's owner and the Hurricane Idand Outward Bound Schoadl,
whom we thank.

RESULTS

We sampled two days per week from June 24 to September 2 for atota of 24 sampling days over 12
weeks. We lost one day (not counted above) due to a broken net frame and part of another day due to
wesether and mechanica problems with the engines. With only afew exceptions, dl 39 sandard sations
were sampled each week.. The speed that we were able to make between stations most of the time
enabled usto get CTD profiles every time we obtained biological samples, exceeding our initid
expectations. In some cases we obtained CTD profiles when we did not have time for, or working
conditions did not permit, neuston tows. In tota, we collected 391 neuston samples and 403 CTD
casts.

Stage | Larvee

One hundred and forty two of the tows (36%) contained either larvae or postlarvae. Nearly dl of the
larvee were firgt stagers (SI), which was expected because this stage is more positively phototaxic than
the next two (Sl and S, of which we caught only afew). Neuston tows are not quantitative for S,
however, because this stage is not concentrated in the neuston layer (top 0.5 min our sampling
protocol) and the proportion in the neuston is variable due to did and wegther-related changesin light



level and probably other factors. Thus, Sl digtributionsin the neuston layer are indicative of the
presence of this stage, but the data cannot be used to cal culate absolute abundance. We looked for
time-of-day biasesin our catches. We would expect to catch more Sl larvae early in the morning and
late in the afternoon or early evening due to decreased light levelsin the water column: did we tend to
sample the same gtations at these times of day?. In fact, aplot of time-of-day vs. catch rates showed
only wesk diel patterns of abundance which did not subvert the nature of the spatid patterns we found.
Our data show the highest numbers of Sl larvae consstently south of Vindhaven Idand and in the
western bay, but the larvae were present in al transects except Transect F (Fig. 2). Correcting for
water temperatures and the rate of larva development, we estimate that most of the SI we collected
were no more than 7 days old (after hatching). Since we do not know the ages of individuas better
than this, we must assume that the sampled distributions of Sl larvae reflect a combination of influences,
including the didtribution of femaes hatching their eggs and the effect of residud trangport on the larvee.
Despite this uncertainty in where the larvae came from or how far they had been moved, the patterns
are griking, and we will be giving them further consideration in conjunction with the physica
oceanography, remote sensing data and egg-bearing femae distributions.

Lobster Postlarvae

We caught only 31 lobster postlarvae in 1999. The largest number caught in asingle tow was 4 (south
of Vindhaven on August 17; Fig. 3). According to prior experience in the Boothbay region (1989-
1995), this number should have been encountered frequently. When we sampled “offshore” to
Matinicus Rock on August 24 (see Fig. 1 for locations), we caught postlarvae more congstently (4 out
of 8 gations sampled), but not in higher numbers. We are certain that the spatial and tempord coverage
we gave Penobscot Bay in 1999 did not miss sgnificant influxes of postlarvae. Rather, we believe that
postlarvae smply were in low abundance in the bay thisyear. In early Augugt, graduate student Eric
Annis (U. Maine) collected neuston samples dong transects orthogond to the coastline off of Penobscot
Bay. He found good numbers of postlarvae offshore (data have not yet been normalized to a standard
area, S0 are quditative), but none near the mouth of the Bay. Why the low numbersinshore? Thisis
an important question that relates to sources and delivery mechanisms of postlarvae to Penobscot Bay,
and it will receive further attention as the joint studies of the Pen Bay collaborative advance.

Because so few postlarvae were caught in the study areain 1999, estimates of average PL density
cannot be caculated with much confidence, except for Transect C south of Vindhaven (Fig. 3 and
Table 1). For dl other transects, we obtained zeroes a most stations most of thetime. We cannot
know whether these were "true’ zeroes (i.e., postlarvae were not present at al) or smply low vaues
below the leve of detection using our methods (i.e., fewer than 1 individua per unit of towed ares).
Thisdidtinction is not usudly important. If we had had high abundances at some gtations or dong some
transects and not others, then we would have had a pattern to interpret. In the case we have this year,
we cannot reliably distinguish between transects where afew postlarvae were found and those where
none were found. That is, the biologica sgna was not strong enough this year to test the hypothess we
st out to evauate. It is nonetheless useful to derive some measure of postlarval abundance for
comparison with other years and areas, and for comparison with settlement data from R. Steneck’s



work, so we proceeded as follows. We established the lower level of detection for each transect based
on the average surface area sampled each week. For these cal culations we assumed a uniform
digribution of postlarvae. (Other Satisticd distributions such as a Poisson distribution may be more
appropriate, but this cannot be judged from thisyear’ s data). If we caught postlarvae, then those
catches were used to estimate abundance; if we did not, then we report that the abundance was below
the level of detection. We estimate that the season began the day that the first postlarva was caught
(July 13) and we cd culate the abundance through the last day of sampling, which was September 2.
The postlarval season probably extended beyond this date, but we had not planned for late season
sampling because it usualy adds little to the annud production.  In this case there were other factors
which sedled thisdecison: (1) boat time was unavailable for the next 15 days, and (2) a hurricane
passed offshore in mid-September which would have dominated any changesin data.  There seemed
little opportunity for adding to what we dready had.

Table 1 shows that the total number of PL-days was highest along transect C but less than 36.8/1000
mf dong al transects in Penobscot Bay in 1999. Thisis lower than dl prior observations we have
made. We meausured an average of about 200 PL-d/1000 n¥ in the Boothbay Harbor region and off
Seabrook, NH in a previous study covering seven years (1989-1995: Incze et d., in press). The
lowest prior observed value in the Boothbay region was 123 /1000 n¥ in 1993. The four years since
that published study have yielded low values off Seabrook, but not quite as low as those found this year
in Penobscot Bay. Seabrook values were: in 1996, 121 PL-d; 1997, 64 PL-d; 1998, 47 PL-d; and
1999, 87 PL-d /1000 n.

Wind Datafrom Gulf of Maine Staions

We downloaded 10 years of wind data (hourly mean speed and direction) for June, July and August,
1988-1998 from the NOAA on-line database. Data were downloaded for the Ides of Shoals, Portland
buoy, Matinicus Rock, Mount Desert Rock and the Gulf of Maine buoy. For Matinicus (off the mouth
of Penobscot Bay), we later downloaded the data through August 1999. In addition, we obtained data
from aland station on Newcastle Neck, New Hampshire, dmost directly onshore from the Ides of
Shoas. The data have been cleaned up for missing and suspect vaues and converted to component
vauesfor atistica anays's based on geographical components (N-S) and rotated axes oriented to the
locd shoreline.  The current database contains more than 111,000 records. We have used the
database to examine average wind directions and strengths at the various gations, interannud variations
in component winds during summer months (when lobster larvae and postlarvee are present), daily
patterns of rotation due to local sea breezeeffects, the presence of nocturna land breezes (common only
a 109), orientation of prevailing wind directions to the neighboring coastline, coherence of patterns
along the coast, and across-shdf gradientsin velocity (I0S-Newcastle). We are in the process of
examining patterns between wind strength/direction and events a Portland and recruitment in the
Boothbay region (with R. Wahle), and winds at |OS and postlarval abundance at Seabrook, NH. For
both sites we have a 10-year record of either lobster settlement or postlarvae. Thisiswork in progress
relative to recruitment processes and will be reported at alater date. Of immediate relevance to



Penobscot Bay isthe Matinicus data set. In particular, we wish to know how much the various years
differ, in what ways, and do the data show anything unusua about this year (1999) when we found so
few podlarvae. A preliminary examination of the data do not immediately suggest an explandtion for the
low postlarva numbers found this year, but we will look at these data more closely in the coming year.

SST and CTD Data

Sea surface temperatures (bucket samples) and profiles of sdinity and temperature (CTD) collected
every week from nine transects (Fig. 1) provide indgghtsinto circulation patterns and ground truth for
satellite observations. Properties show gradients from north (upper bay) to south (lower bay), but dso
readily distinguish between western and eastern channels, which we discuss below. These patterns
corroborate those shown by previous mooring records, but now add spatial resolution. Mogt transects
show across-channd gradientsin T and S which warrant further anadlysis. Here, we provide an
overview based on transect averages of SST and sdinity. Sdinities are from 2 m depth because data
from this depth were available from al the CTD casts. We use the surface temperatures rather than
data from 2 m because these values are more useful for comparisons with satellite dataand larva
abundance. Temperatures at 2 m were cooler than at the surface but show similar spatia and temporal
patterns.

SSTsontransects A, G, H, and | were the warmest on average and group closely together; transects B,
C, F and E are the coolest and aso group together. Vaues from D and D-2 form atthird distinctive
group (Fig. 5). The divergence of values a D and D-2 from the transects on either sde of them (E and
C) requires closer scrutiny. In particular, we will look at the relatively cooler temperatures during the
warmest period of the summer (see DOY 200-215) to seeif they resulted from abias in sampling times,
either due to time of day effects (for instance, wind speed) or tidal stage. With respect to the latter, we
areworking on atida displacement correction for al samplesto provide a synoptic plot of vaues
adjusted to a congtant tidal phase. This cannot be done with profile data, but can be done with surface
vaues, including temperature and larva abundance.

Near-surface sdinities (at 2 m) are sysematicaly lowest at H and | , then G and A (Fig. 6). Tempora
differences, and some of the spatia ones (among transects) are influenced by the stage of tide when the
transects were sampled, and thiswill be analyzed with synoptic corrections as mentioned above. A
gradua seasond increase in sdinity of about 0.5 ppt is best seen at the outermost transects. C, B and
D. Thedecreasein sdinity on DOY 237 at E, F and G isthe result of an ebbing tide. Note that the
sdnity islower a G than a F despite the passage of little time between the two transects. On transect
E on that same day, most of the low salinity was at the station closest to North Haven; the rest of
transect E resembles F (not shown here). Transect D did not show much freshwater influence, but it
was sampled earlier in the ebb cycle. Transects F and E generdly were 1-2 = C cooler in the upper
layer than A, G, H or . Thismay be the result of vertica mixing at F and e sewhere (but probably not
a E itsdf, which is degp and remains dtratified). Despiteits being rdatively shdlow, transect G was
dratified indl of our samplings, suggesting less turbulent mixing and lower average velocities than some
other areas. Transect F, in contrast, usudly was poorly dratified.  These findings suggest that much of



thetida flow in the eastern bay proceeds through transect F. The question of what happensat G is
critical to the larval trangport question, and suggests that sometidal and residua transport caculations
should be made there next yesar.

Sdinity and temperature data show a close affinity between Transect C and transects B and D in the
outer bay. Thisindicates strong coastal water influence on both transects, probably through tidal
excursons and mixing. CTD profiles on transect C show that the warmest surface waterstypicaly
occur in the northern hdf, toward Vinahaven. Thisadso iswhere most of the larvae and postlarvae
were collected. One possible explanation is surface convergence aong the south shore of Vinahaven
Idand, possibly forced by the prevailing southerly winds. We will be andyzing these data in concert
with wind records from Matinicus.

DATA PRODUCTS

Along with this written report we are submitting:
@ an dectronic verson of the report with figures for use on the project web ste;

2 asngledigita datafilein GIS format of the neuston collections, including meteorologica
observations,

3 atarred file of dl of the CTD datain GIS format; and

4 ametadata file describing data collection, processing methods and file stuctures for the
data sets.



Tablel. Summary of postlarval catches and estimated abundances at the standard sampling stations.
The number of positive weeks refers to the number of weeksin which at least one postlarva was found
on the specified transect. “Total number caught” refersto the entire sampling season. “Average
detection level” refers to the sampling sengtivity and is the average cd culated abundance (No./1000
) if one postlarva had been caught per transect. “ Average density” is the seasond average for the
time period July 13 to September 2 (see text for explanation). Where no postlarvae were caught dl
season, the average dengity is given as “< level of detection” (e.g., transect D-2). Since all transects
had zero catch levels (below detection) during some weeks, the average of al weeksisadways*“less
than” somevadue. “PL-d” isthe integration, over time, of the postlarva density on each transect.
“Year” refersto the 1999 postlarva season, but technically islimited to the period July 13-September 2
(seetext).

Average Average Average
Transect No. No. Total Area Sampled Detection Level Concentrations PL-d
Weeks Positive Number
Sampled Weeks Caught m? / week Level (No./1000m?  (No./1000
(No./1000m?) m?lyear)
A 8 1 1 4352 0.231 <0.234 <11.934
B 8 3 6 5096 0.197 < 0.299 < 15.249
C 8 5 14 3919 0.264 <0.722 < 36.822
D 8 1 3 3432 0.293 < 0.396 < 20.196
D-2 7 0 0 1666 0.603 < 0.603 < 30.753
E 8 2 2 3594 0.279 <0.285 < 14.535
F 6 0 0 1703 0.588 <0.588 < 29.988
G 7 0 0 2186 0.472 <0.472 <24.072
H 7 0 0 3322 0.302 < 0.302 < 15.402
I 7 1 1 3732 0.272 <0.277 <14.127



Fig. 1. Ztandard sampling stations {closed circles) sampled once per week from June 24
to September 2, 1999 Transects are identified by letter and referenced m the text Open
trangles are extra stations sampled on August 24
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Fig. 2. Total number of Stage I lobster larvae collected at each sampling station during
1999 Stations from August 24 are not shown.
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Fig. 3 Total number of lobster postlarvae collected at each sampling station during
1999 Stations from August 24 are not shown.
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Fig. 4. Mamimum concentration of larvae and postlarvae caught at the standard sampling
stations (Fig. 1).
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Fig. 5. Transect averages of sea surface temperature for each day of sampling in 1959 A
missing line segment mdicates no data for that day {e. g, transect I, DOY 237 in bottom
panel).
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Fig. & AsinFig. 5, but for salinty at 2 m depth.
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